tation of EG. While spontaneous remission has been reported previously, 11 there is no standardized approach to the management of unifocal calvarial EG. Treatment includes surgical curettage or excision, intralesional steroid therapy, radiation therapy, and systemic medications like indomethacin, bisphosphonates, and chemotherapy. Surgical excision is the most common approach at most centers. This study reports on 8 patients who were initially managed with close observation only.
Methods
After IRB approval was obtained, medical records at Miami Children's Hospital between 2004 and 2011 were queried for the diagnosis of histiocytosis. Patients with solitary calvarial EG were identified. Information about their demographics, presentation, and management was reviewed. Fourteen consecutive patients were identified with solitary calvarial EG diagnosed between 2004 and 2011. All the diagnoses were based on the patients' clinical history and radiological findings of a nonsclerotic "punched-out" lesion with an associated soft-tissue mass. Skull base lesions were excluded. Seven of 8 patients had a CT scan, 1 of these 7 also had an MRI scan, and 1 patient had plain radiographs only. Laboratory studies were performed, including a complete blood count, urine analysis, liver function tests, and a metabolic panel. A skeletal survey was performed to rule out multiple lesions.
Results
Solitary calvarial EG was diagnosed in 14 patients between 2004 and 2011. Of these patients, 6 underwent resection of the lesion because of the family's and/or neurosurgeon's preference. In all 6 cases, the histopathological examination confirmed the diagnosis of EG.
The other 8 cases were managed with purposeful observation and serial imaging studies (Table 1) . One patient (Case 8) underwent a surgical excision after 2 months' observation because of slight enlargement and persistent pain. None of the remaining 7 patients required surgical intervention over a median follow-up period of 1 year (range 6-19 months). The patients were examined with an average of 2 imaging modalities. Two of the 7 patients were asymptomatic on presentation and thereafter; pain resolved completely in the remaining 5 patients. There was complete clinical resolution of the palpable soft-tissue lesion in all 7 patients. In 5 of the 7 patients there was complete radiographic resolution of the lesions ( Figs. 1 and 2) , and 2 of the 7 patients had a near-complete radiographic resolution.
Discussion
The clinical manifestations of LCH are related to the area of involvement, most commonly the bone. 8 Localized LCH of the bone is a benign tumor-like condition characterized by a clonal proliferation of Langerhanstype histiocytes, and is frequently referred to as EG. It most commonly involves the flat bones of the skull, ribs, pelvis, or sternum. 8 Calvarial EG typically presents as localized pain and/or swelling and is most frequent in children and young adults. 13 Diagnosis is usually made by means of skull radiographs, which demonstrate punchedout osteolytic lesions without sclerosis, or CT scan, which allows visualization of the soft-tissue component. 9 PET-CT shows increased uptake in the areas but is not performed routinely.
Treatment for calvarial EG has classically involved excision of the lesion or curettage, depending on the size of the defect. 4, 14 Spontaneous remission of EG in other sites has been reported, 1, 3, 5 but most reports of calvarial EG indicate that the majority of cases are immediately referred for excision. Oliveira et al. 11 reported 4 cases of calvarial EG in which the lesion resolved even before surgery was performed. In all those cases the lesions increased in size initially and then became smaller and disappeared in a period of 3-4 months. We report 8 cases in which we made a conscious decision to observe in agreement with the patients' parents and neurosurgeons. In 4 cases, the patients were younger than 10 years of age, and in the other 4, the patients were adolescents. All 8 patients presented with pain and/or swelling of the scalp without skin or systemic involvement. In all 8 cases the diagnosis of EG was made radiographically. Skeletal survey ruled out the presence of other lesions. The lesion resolved completely or nearly completely in 7 of 8 patients, and only 1 patient underwent resection. Resection was performed after 2 months of observation because of persistent pain and slight growth of the lesion, and the patient had no sequelae caused by the delay in treatment. None of the patients whose cases were managed with observation required cranioplasty or had any obvious skull defect.
Although in Case 8 insufficient time was allowed for the lesion to resolve spontaneously in this 18-year-old female patient, the chances of spontaneous remission of EG in other sites is higher in skeletally immature patients than in mature patients as reported by Plasschaert et al. 12 In their study, these authors found that all lesions in the skeletally immature patients who were below 14 years of age resolved completely without any recurrence even if they were just observed after biopsy without any further treatment.
There have been reports of spontaneous remission in other solid organs 5 as well. Spontaneous remissions have been reported occasionally in patients with LCH, even with multiple sites of involvement. 12 Only one prior report, which includes only 4 patients, describes spontaneous resolution of calvarial EG. 11 The mechanism of spontaneous remission is not clear, but we postulate that there is an immune basis. The lesions of EG are composed primarily of Langerhans cells, which are antigen-presenting cells derived from bone marrow monocytes, but they may also include variable populations of eosinophils, polymorphonuclear cells, and lymphocytes. Older lesions may have a greater degree of fibrosis. Due to immune dysregulation, there is abnormal proliferation of the Langerhans cells. What exactly triggers the proliferation and what causes self-tolerance to break down is still unknown.
In spite of EG being a benign condition and the occurrence of spontaneous resolution, one may be apprehensive about a lytic lesion of the skull because of the proximity to the brain and the lack of a firmly established tissue diagnosis. 2, 10 These cases are typically referred to neurosurgeons for resection. The question of whether to subject children with solitary calvarial EGs to surgery and its associated complications when these lesions may resolve spontaneously remains unanswered. We excluded patients with isolated skull base lesions (CNS-risk group) because of the association with diabetes insipidus. Those cases were treated with vinblastine and prednisone as per the LCH III protocol (H-9926-LCH III: Treatment Protocol of the Third International Study for Langerhans Cell Histiocytosis). All of our patients were monitored for worsening of symptoms or any complication caused by extension of the disease. They underwent routine blood counts and blood chemistry analysis at the initial visit and had subsequent close follow-up to monitor for problems such as persistent ear discharge, diabetes insipidus, hepa- tosplenomegaly, soft-tissue tumor growth (subjective assessment), worsened pain, or neurological deficit.
The main drawback in using this approach is that the diagnosis of EG is based on the radiological findings. The differential diagnosis could include many benign as well as malignant conditions, such as bone cysts, hemangiomas, epidermoid cysts, fibrous dysplasia, osteomyelitis, or metastatic lesions. Those conditions would not spontaneously improve. Additionally, LCH can have some unusual radiographic features. 6 In this study, observation was a safe strategy and enabled 7 of 8 children to avoid an operation when their lesion resolved completely or almost completely without intervention.
Conclusions
We report 8 cases of solitary calvarial EG that were managed with observation (Table 1) . Only one required surgical intervention. A short period of observation may be useful in the initial management of solitary calvarial EG to avoid a surgical procedure. The decision to proceed with surgery may be based on the severity of symptoms and the nature of the lesion on follow-up imaging. Because this was a retrospective study, there was no standard of care for surveillance. We acknowledge that this is a weakness of this paper, but we have submitted to our IRB a proposal for a prospective study for the nonoperative management of suspected EG of the skull. We anticipate that this will lead to a multicenter prospective trial to observe patients with solitary calvarial EG to confirm our findings and, more importantly, determine guidelines or indications for surgery in these cases. 
